The lymphomas [Hodgkin's Lymphoma (HL) and Non-Hodgkin's Lymphoma (NHL)] are among the most common cancers to affect individuals of all ages although NHL tends to be more common in older people [1] . Survival rates for both cancers have improved rapidly, and current five-year survival rates of 87% for HL [2] and 65% for NHL [3] have been reported. However, physical late effects, including cardiac dysfunction, secondary malignancies, neuro-cognitive impairment and gonadal dysfunction have been identified [4] . Such effects may compromise healthrelated quality of life (HRQoL). This is typically defined as a multidimensional concept covering all aspects of well-being, including physical functioning (ability to carry out everyday physical activities), mental functioning (emotional functioning), social functioning (ability to interact in the usual way in society) and role functioning (involvement in life situations related to work, household chores, and family life) [5] .
Improving HRQoL is a significant goal in oncology, and increasingly one of the primary outcomes in clinical trials [6] .
HRQoL has been assessed in survivors of HL and NHL in a number of studies, but the evidence has not been reviewed systematically. Such a review would facilitate understanding of long-term HRQoL among lymphoma survivors and the extent to which it may be influenced by medical, demographic and psychosocial factors. This information could in turn enable healthcare professionals to provide patients with information about the long-term impact of their disease, suggest ways in which late effects may be prevented or reduced, and provide an indication about who would benefit from counselling.
Any conclusions about HRQoL are necessarily dependent on the quality of measures available. Measures can be evaluated on a number of criteria including: reliability (test-retest reliability and internal consistency), validity, and appropriateness for the population of interest [7] . Reliability is usually indicated by internal consistency or Cronbach's alpha, the extent to which the items of a scale assess the same concept. An internal consistency of 0.70 or above is generally considered to be acceptable [8] . Test-retest reliability is established when individuals complete a measure on two separate occasions and their scores are highly correlated. Validity refers to the extent to which the measure reflects the construct of interest. It is generally assessed by comparison with similar measures and correlation with observable criteria. Finally, for this review, measures were considered appropriate for lymphoma survivors if they were either generic (applicable to anyone) or survivorspecific. Measures designed to assess HRQoL during initial treatment, with their emphasis on physical symptoms were not considered sensitive to the issues affecting survivors..
We therefore report a systematic review to determine HRQoL in survivors of HL or NHL. Our first aim was to identify and evaluate commonly used measures. In addition, we aimed to determine (i) HRQoL relative to the general population; (ii) associations between HRQoL and different treatments; and (iv) associations between HRQoL and demographic, medical and psychological variables.
METHOD
The literature search aimed to identify any research study published in a peer reviewed journal that assessed HRQoL in survivors of lymphoma (HL or NHL) at least six months post treatment, using a standardized measure of HRQoL. Articles were excluded if they: (i) sampled childhood cancer survivors only; (ii) were case reports or reviews of previous literature; or (iii) did not report analyses by histological diagnosis.
Three methods were used to locate relevant studies: a keyword search, a backward search, and a manual search of relevant journals. First, the databases Medline, PsycInfo and Web of Knowledge were searched for articles published in the English language covering the period from January 1985 to April 2009. The search included the following terms: Hodgkin's disease, lymphoma (non-Hodgkins), and health-related quality of life. After each term was entered into the keyword function the cancer-related terms were combined using the OR function. This generated 32 hits from PsycInfo, 157 hits from Medline, and 456 hits from Web of Knowledge.
After initial review of the abstracts those that did not meet the inclusion criteria were excluded. This resulted in identification of 36 articles as potentially eligible. Despite extensive searches, one article [9] could not be traced. Following the keyword search, 
RESULTS

Review of the articles
Following detailed review of the articles against the inclusion/exclusion criteria, 18 articles based on 15 data sets were retained. The following information was extracted from each study: aims, sample size by histological diagnosis (including percentage of men) and response rate, age, time since diagnosis, treatment, comparison group where applicable, measures and results. The studies were conducted in the US (n=4), Norway (n=3), the Netherlands (n=2), Israel, France, Spain, Sweden, Austria and Canada (1 each). All studies included demographic or medical variables as correlates of HRQoL.
Aim 1: Evaluation of Measures
Five different measures of HRQoL were identified. These are summarized and assessed for reliability, validity and appropriateness for lymphoma survivors in Table I . We identified eight studies which utilised a generic measure (the SF-36 health survey; [10] ) to compare lymphoma survivors to the general population. The remaining measures were disease specific. These included three appropriate for assessment during treatment (EORTC QLQ-C30: [11] ; FACT-An: [12] ; CARES [Ganz et al., 1992] [13] ) and one designed for survivors (QoL-CS: [14] -two studies).
Aim 2: HRQoL relative to the general population HRQoL was compared with that of the general population in ten articles that covered eight datasets. These articles are summarised in Table II . Eight articles covering six datasets [15, 17, [19] [20] [21] [22] [23] [24] made these comparisons using the SF-36 health [10] . In all eight articles, lymphoma survivors reported worse physical functioning relative to the general population even when controlling for symptoms of post-traumatic stress disorder (PTSD) [15] . Lymphoma survivors also reported worse social functioning relative to the general population [19] . However, the mental component summary (which in the SF-36 includes emotional and social but not cognitive function) did not differ significantly from the general population in any of these eight studies, although impaired functioning relative to controls was noted on some subscales [19, 20] . The mental component summary is more reliable and comprehensive than the subscales it comprises.
Two additional articles [16, 18] compared lymphoma survivors with the general population using the EORTC QLQ-C30 (see Table II ). Lymphoma survivors reported worse physical functioning than the general population in both studies. In addition, survivors reported worse social functioning, more fatigue, more problems with physical role and cognitive functioning [18] , and more dyspnoea (shortness of breath) [16, 18] . Tables II and III . Lymphoma survivors who had been treated by chemotherapy reported worse social well-being (as measured by the CS-QoL) and worse psychological well-being relative to survivors who had not had chemotherapy [22] .
They also reported worse social and physical well-being, more fertility concerns, and greater influence of cancer and its treatment on employment relative to those who had had radiotherapy specific to the tumour site [25] . Those who had experienced mantle field radiation either alone or in combination with chemotherapy had more dyspnoea than those who had not [30] . Finally, survivors who had experienced combined modality therapy (chemotherapy plus radiotherapy) reported more deficits in physical functioning, dyspnoea, pain and fatigue than those who had been treated by either chemotherapy or radiotherapy alone [29] .
However, the evidence above is based on studies with heterogeneous samples which precluded comparisons between chemotherapy regimens. A cross-sectional comparison of MOPP, ABVD and MOPP/ABVD chemotherapy demonstrated no differences in terms of effects on physical and mental HRQoL [16] . Finally, a randomised controlled trial in which patients were followed for two years [28] demonstrated no differences between subtotal lymphoid irradiation alone versus combined with doxorubicin and vinblastine chemotherapy in terms of effects on physical and psychosocial HRQoL.
Aim 4: Associations between HRQoL and and demographic, medical and psychological variables Demographics Although older age was associated with worse physical HRQoL [16, 18-19, 22, 32] , worse mental functioning was found for younger patients [29] . Men reported better role functioning [18] , fewer role limitations [19] better physical functioning [16, 19] and better emotional functioning [19] than women. In contrast, one study found that men experienced greater fatigue and worse overall HRQoL than women [30] . Lower educational level was associated with worse HRQoL [18] [19] 21] .
Finally, employed survivors reported better physical functioning than unemployed survivors [21, 32] , as well as better emotional HRQoL and general health [21] and better vitality and mental functioning [22] .
Medical variables
More advanced disease was associated with worse HRQoL [24] , but those who relapsed did not report worse HRQoL than those who remained disease-free [23] .
Better vitality, social functioning, emotional role and mental health were found for those 10-15 years post-diagnosis than those 5-9 years post-diagnosis [20, 22] . In contrast, Greil et al. [29] , found no relation between time since treatment and any domains of HRQoL. The presence of co-morbid illnesses was associated with worse physical HRQoL [18, [21] [22] 32] .
Psychosocial, lifestyle and other variables
More PTSD symptoms were associated with worse mental and physical functioning [15] . A lower sense of coherence (defined as the extent to which individuals believe their life to be comprehensible, meaningful and manageable) [33] was associated with worse HRQoL [24] . Financial problems were associated with worse mental functioning [24, 26] . Meeting public health guidelines for exercise was associated with better HRQoL in patients with NHL [27, 31] . This was a significant [27] . Patients experienced more dyspnoea if they were older, had a lower educational level and a history of medical complications [18] . Finally, sleep disturbance was associated with dyspnoea, fatigue, pain, financial difficulties and worse global HRQoL [30] .
DISCUSSION
In considering the HRQoL of survivors of lymphoma, we recognise first the importance of the specific measure of HRQoL adopted. All measures identified had acceptable reliability and validity (table 1) . Three of the measures identified (the EORTC QLQ C-30 [11] , the FACT [12] and the CARES [13] might be considered inappropriate for cancer survivors since they capture immediate effects of diagnosis and treatment rather than issues relating to re-integration and late effects [34] .
Further, as a cancer-specific measure, the EORTC measure is inappropriate for use by general population controls. Despite this, two studies compared HRQoL between lymphoma patients and the general population using this measure. Thus, the conclusions should be treated with caution.
Most frequently, HRQoL was assessed using the SF-36 [10] . This is a generic measure, and therefore appropriate for comparison with the general population but does not address the specific problems experienced by cancer survivors. The only measure specifically developed for cancer survivors is the QoL-CS [14] . However, several issues have been identified with this measure: although it is intended for survivors longer than five years post diagnosis, validation was based on survivors 4-28 months post-diagnosis; several items assess distress at the time of diagnosis and treatment; and some items ask about change but fail to indicate direction (meaning that survivors with positive and negative responses would receive the same scores) [35] . Further, there are no disease-specific modules for survivors, even though some late effects differ as a function of cancer site.
In an attempt to address these issues, it has been recommended that studies should use two measures where possible: a survivor-specific measure to assess quality of life, and a generic measure [36] [37] ). Attention needs to be given to creating more sensitive measures of quality of life for cancer survivors, so that their problems can be documented and addressed appropriately (see also [38] ). 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 There is some evidence that HRQoL in the first two years after diagnosis does not differ depending on the specific treatment [28] . However, the participants in this study were younger than the general population with lymphoma. Since many late effects are not apparent until several years after treatment, more long-term follow up studies are required to compare the relative side-effects of different treatment regimens. We found some evidence that chemotherapy is associated with worse social HRQoL relative to other treatments [22, 25] . Chemotherapy often leads to fatigue [40] , which may account for this finding. However, patients with advanced stage disease are also more likely to be treated with chemotherapy, meaning that the effect of treatment may be confounded by stage [25] .
The relation between older age and worse physical HRQoL was expected, and can be explained in several ways. First, older people are more likely to suffer from co-morbid illnesses. Second, some late effects are more likely to occur as time since treatment (and therefore age) increases [4] . Furthermore, physical health tends to decline with age for the general population.
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to be employed in manual work, and consequently may have to take more time off work following completion of treatment, leading to constraints in their financial circumstances, which have been associated with worse mental health [25] .
In support of this idea, unemployment was associated with worse physical HRQoL [21] .
Survivors who reported meeting public health exercise guidelines (150 minutes of moderate intensity activity per week) also reported better HRQoL [27, 31] .
This relation held after controlling for age, gender, employment status, time since diagnosis and co-morbid conditions. Although patients in better health may be able to exercise more, this evidence suggests that advice to take as much exercise as is feasible is potentially valuable.
The relation between psychological variables and HRQoL was assessed in only two studies [15, 24] . Associations between psychological variables and HRQoL might suggest ways to improve guidelines for appropriate referral to psychological services. Appropriate treatment for psychological issues would be likely to facilitate survivors' attainment of the best HRQoL possible. However, in order to facilitate this, psychological issues should be assessed at follow-up. This is particularly Particularly where research is based on small samples from specific treatment centres, meta-analyses may be the only way to obtain information based on larger samples, and thus identify common trends across regions and cultures. They also enable assessment of individual predictors of HRQoL such as personality or demographic factors.
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